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Motorcycles in the Steady State Cornering Scenario 

LIN, YU-CHU 

Abstract 

The purpose of this study is to investigate maneuvering characteristics for 

motorcycles in the Steady state cornering. Firstly, the model of Steady state cornering 

for motorcycles has been developed in this study. The cornering parameters, the 

steering characteristics, and the steering torque exerted by the rider are analyzed 

numerically, and the preferable driving behaviors for motorcycles can be discussed.

The driving characteristics of different motorcycle models are analyzed, including 

electric motorcycles and hybrid motorcycles. Finally, the effects of the rider posture 

and the inclination of road surface on the Steady state behavior are discussed. The 

Steady state cornering characteristic graphs are presented, and need to integrate 

driving behaviors and characteristics, in which the Steady state cornering 

characteristic can be expressed apparently. The results of this analysis could be useful 

understanding the major effects of the design parameters and helpful for further 

motorcycle design. 

Key words: motorcycle model, steady behavior, steering torque, steering ratio, rider 

posture, the inclination of road surface 
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lagrange

V. Cossalter A. Dori R. Lot

[11][8]

(Tire Magic Formula) [20]

MF

(side-slip angle)

(steering ratio) (steering torque)

2-1

V. Cossalter[11] [8]
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1.

2. (hub motor)

3.

4. (hub motor)

(wheel axle)

(steering axis)

(revolute joint) (pure rolling)

2-1 ( )

( )

2-1
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V. Cossalter[11]

1.

2.

3. (toroidal shape)

4. xM

5. (lift force) (side force)

(drag force)

6. ( ) (steering)

(roll) (side slip) (yaw) (pitch angle)

2-2
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�

rh

rb

rr fr

zl

fe

na
0rA P� p

rG

fG
Q

0fPA

fb

qb

qh

fhr� f�

rq
fq

rX

rZ

fX

fZ

2-2 [11]

2-2

(roll angle) (steering angle)

Pf0

�� (2.1) 2-3 Pf

� (2.2)

sin tan sin cosarctan
cos

� 	 � �� �
�


� �� 
 � � �
� �

(2. 1) 

1sin (cos sin cos sin sin )� � 	 	 � �

 � (2. 2) 
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Q

ro
ad

pl
an

e

� �

�

fP

final condition:
-roll angle 0
-steering angle 0

	 �
� �

initial condition:
-roll angle =0
-steering angle =0

	
�

0rP
0fP

2-3 [11]

2-4

�

Symmetry plane of
rear frame

Vertical
plane

Symmetry
plane of

front frame

	

�

rP

fP

X�

Y�

X

Y
Z

2-4



12

Pf

Pf (Xpf,Ypf) Pr(Xpr,Ypr) X

Y X Y

1 1 1 1 1 1( )cos ( )sin [ (1 cos )]sin sin
Pf Pr

r r

X X X
d e a b b a� � � � � � 	

� 
 



 � � � � 
 � � 

  (2. 3) 

1 1 1 1 1cos [ (1 cos )]cos sin [ sin ]sin sin
Pf Pr

r r

Y Y Y
c b a e d	 � � � 	 � � � 	

� 
 



 � 
 
 
 � � �
 (2. 4) 

a1 b1 c1 d1 e1

1 1 sin [(1 cos )] ( ) ( )r r f fa l r r� � � �
 
 � 
 
 
    (2. 5) 

1 [cos cos( ) cos sin sin( ) 1]fb � � � � � � � �� �
 
 
 
 
    (2. 6) 

� �1 1 sin sin sinfc l � � � � ��
 � 
 (2. 7) 

1 1 cos [(1 cos )]d p l � �
 
 
  (2. 8) 

1 [sin cos( ) cos cos sin( )]fe � � � � � � � �� �
 
 � 
 (2. 9) 

� �
� �

sin tan sin cos
arctan

cos
� 	 � � �

� �
� �


 �
� 
 �

�
  (2. 10) 

1 1

1

[ sin (1 cos ) (cos cos cos sin sin 1)]cos ( sin sin sin )sin
[ cos (1 cos ) ]cos (sin cos sin cos sin )cos sin

r f f f f r

f

l q q l q q
l p

� � � � � � � � 	 � � � � 	
�

� � 	 � � 	 � � 	 � �

 � 
 � 
 
 � � � 



 


 
 
 �

  (2. 11) 

1 sinf nl r a�
 
   (2. 12) 

sin tan sin cosarctan
cos

� 	 � ��
�




   (2. 13) 
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(steering angle)

(kinematic steering 

angle) 2-5

(2.14)

� �
sin cos( )arctan

cos cos sin sin sin
� � �

	 � 	 � � �
� ��

� 
 � �� �
 �� �
  (2. 14) 

cosarctan cos sin sin
tan

	� � 	 �

� �
� �


 � �
� ��

�� �

  (2. 15) 
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�

Symmetry plane of
rear frame

f�
�

r�

r�

��yaw rate

cR
turning radius

f�

fG

Vertical plane

f�

r�

Q

r
f

�
�

� �



Symmetry
plane of front

frame

�Steering
torque

1X

1Y

1Z

A

turning centre C

cV

rG

2-5

2-5 (X1,Y1,Z1)

C(0,0) Z1 X1 Y1

XY ( )

2-2 r Xr, Zr

A Pr Xr Yr

Xr Zr
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f Xr, Zr

Q Xr

Yr Zr

Rc Vc (2.16)~(2.19)

( )cos( ) ( )sin( )
cos sin( ) sin cos( )

Pf Pr f Pf Pr f
c

r f r f

X X Y Y
R

� �
� � � �


 � � � 
 � �



� � 
 � �
  (2. 16) 

( , , , )c c V f rV R� 	 � � � �
 
 �� �   (2. 17) 

cos 1 ( , , , )
cos( ) cos f

f pf
f w f r

f f f

Y
q

�
� � 	 � � � �

� � �

 
 �

�� � �
� �   (2. 18) 

( 1)cos ( , , , , )
cos cos f

x sx c r
r w f r

r r r r

V V R
q q

� � �� 	 � � � � �
� 	 � 	


 �

 
 
 
 
 �

� �
� �   (2. 19) 

sxV xV � (longitudinal slip 

ratio)

cosx c rV V �
   (2. 20) 

sx x r r

x x

V V r
V V

�� 


 
 
 
   (2. 21) 

(2.16)

� �
� �
sin

arctan
cos

c r
f

c r

dx R
R dy

�
�

�
� �
 


� 
 
� �� �
� �
  (2. 22) 
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2-3

V. 

Cossalter [11][19]

2-6

N
S

F

xM

yM

X

Y

Z

zM

P

2-6

N S

F Mx My Mz

(vertical) (longitudinal) (lateral)

1. Nf ,Nr–

2. Sf , Sr– (longitudinal slip)

3. Ff ,Fr– (lateral slip) (camber) (turn)
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4. Mx– (overcornering moment) (vertical force)

(normal pressure)

5. My– (rolling resistance moment) (Tire

hysteresis properties)

6. Mz– (aligning moment)

(gyroscopic effect)

f f fS N�
   (2. 23) 

f

2-7 N S

F TzM

d
t

N
TzM

X

Y

Z

F

S
PS

2-7
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X sp X

x PM s N
   (2. 24) 

sp xM

Z

Y

yM dN
 
   (2. 25) 

d wf (rolling resistance coefficient)

wd f R
   (2. 26) 

N

Z

( ) ( )z p Tz PM t F M s S� 	
 
 
 
   (2. 27) 

(align) tp[11]

(pneumatic trail)

0
max

(1 )pt t �
�


 
   (2. 28) 

(twisting torque)

	 [11] (2.29)
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1TzM M 	
   (2. 29) 

Pacejka[20] Tire

Magic Formula

Tire Magic Formula

Tire Magic Formula [19][20]

(2.31) C C

H.B. Pacejka [20]

2-1

� ��  sin arctany Feq H VF D C B S S�! "�
 � �# $ (2. 30) 

0
Feq

C CD
D C C

	 	

� �

	 	
� �

� �� �� 
 � 
� �� �
� �� �

  (2. 31) 

� �
4

0 2
71

zd FD
d 	



�

(2. 32) 

2 2
0 xD D F
 
   (2. 33) 

CB
CD

�
   (2. 34) 

V

CH

C SS
C
	

� �

	

 
   (2. 35) 
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6

0

z
V

d F DS
D
	


   (2. 36) 

� �
0

2
51

CC
d
�

� 	



�
  (2. 37) 

� �0 1 0 2 0f f fC d N d N N� 
 � 
   (2. 38) 

2-1 Tire Magic Formula

d1 d2 d4 d5 d6 d7 C

front rear front rear

1.2

front rear

0.1 0.15 1.6

14 13 9 4 0.15 0.4

2-4

FGf FGr FRf FRr

(FA) (FD) (FL) (FS)

Gr Gf Rr Rf A GF F F F F ma� � � � 
   (2. 39) 

m

aG
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2-8 2-9 X Y Z

(2.40)~(2.42)

� � 2cos sinD r f f r Gr f GfF S S F m X m X �
 � � �
 � 
 
 � �   (2. 40) 

� � 2sin cos cos sinL S f r f r Gr f GfF F F F S m Y m Y	 	 �� � �� � � 
 
 � �   (2. 41) 

� �cos sin 0L S r f r fF F N N m m g	 	
 � � � � � 
   (2. 42) 

Y�

�

f�

r� C
turning center

turning radius cR

fF fS

rS

rF

Front wheel

Rear wheel

X�

1X

1Y

2-8 [8]
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�

Symmetry plane of
rear frame

f�
�

r�

fN

rN

rS

fSrF

fF

r�

rP

fP

��yaw rate

cR
turning radius

f�

fm g

2
f Gfm R ��

fG

2
r Grm R ��

rm g

Vertical plane

f�

r�

Q

r
f

�
�

� �



Symmetry
plane of front

frame

�Steering
torque

1X

1Y

1Z

A

turning centre C

cV

rG

DF SF

LF

  

2-9

2-9 (2.43)

Gr Gf Rr Rf A r f Wr WfM M M M M K K K K� � � � 
 � � �� � � �   (2. 43) 

MGf MGr

MRf MRr MA
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C Kf

Kr Kwr Kwf

X Y Z

(2.44)~(2.46)

� � � � � �

� � � ��  2

cos sin cos sin

sin

cos cos cos sin sin sin

Ax L Gr Gr S Gr Gr r Gr f Gf

r Pr f Pf yf

CYZr CYZf Wr r Wf f

M F Y Z F Z Y g m Y m Y

N Y N Y M

I I I I

	 	 	 	

� � 	 � � 	 � � � 	 �


 � � 
 � � �

� � 
 �


 � 
 � 
 �! "# $� �

 (2. 44) 

� �

� � � �2

cos sin cos sin

cos

cos sin

Ay Az L Gr D Gr S Gr r Gr f Gf

r Pr f Pf yf yr

CXZr CXZf Wf f

M M F X F Z F X g m X m X

N X N X M M

I I I

	 	 	 	

� �� � � �


 � 
 
 
 �


 
 � � �


 
 � 
 �� �

  (2. 45) 

cos sin sin ( cos sin )

( sin cos ) 0
Az Ay S Gr L Gr D Gr f Pf Pf

f Pf Pf r Pr r Pr zf zr

M M F X F X F Y F X Y
S X Y F X S Y M M

	 	 	� � � � � �� �

� �
 � � 
 � � 

 (2. 46) 

(inertia tensor) (2.47)~(2.50)

� � � �2 2cos cos sinCXZr r Gr Gr xr zr xzrI m X Z I I I	 � �! "
 � 
 � 
# $   (2. 47) 

� � � � � �
� �

2 2cos sin cos sin cos

           ( ) cos cos sin sin
CXZf f Gf Gf xf yf zf

yf xf

I m X Z I I I

I I

� � � � � � 	

� � � � 	


 � � 
 � �

� 
 �
  (2. 48) 

� �2 2cos sin cos 2 cos sin sinCYZr r Gr Gr zr xzr xr yrI m Y Z I I I I	 	 � � � �
 � � � 
   (2. 49) 

� �� �� �
� � � � � ��  

2 2

2 2 2 2 2 2 2

cos sin sin cos sin

           cos sin cos sin sin sin sin cos cos

CYZf f Gf Gf xf yf

xf yf zf

I m Y Z I I

I I I

� � � � 	 	

	 	 � � � � � � � � � �


 � � 
 


! " ! "� � 
 � � 
 � �# $ # $

  (2. 50) 
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2-5

V. Cossalter[15] % (Steering 

Ratio) (RO) (RC)

(2.51)

O

C

R
R

% 
 (2. 51) 

2-10

(2.52)~(2.53)

cos cos sin sin sin
tan sin cosO

pR p	 � 	 � �
� �




 

�

  (2. 52) 

� �tan cos sinC
f f r

pR
� � �



� 
 �

(2. 53) 

(2.54)

� � � �
� �

tan cos sin sin
1

tan cos tan
f r r f r r fO

C f

R
R

� � � � � � �
%

�

� 
 � � 
 � 


 
 
 & �

� �� 
 �
  (2. 54) 
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rP
fP

OC

V

OR
CR

C

f r� �� 
 �

r�

r�

f�

�

f�� 


p

2-10

1. 1% ' (under-steering)

2. 1% 
 (neutral steering)

3. 1% ( (over-steering)

4. % 
) (critical condition)

5. 0% ' (counter-steering)
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2-6

V. Cossalter[8]

F� Q M � zfu Z

� (steering torque)

zfM u�� 
 �   (2. 55) 

� � �
1 1 1X Y ZF F I F J F K� � � �
 � �   (2. 56) 

� � �
1 1 1X Y ZM M I M J M K� � � �
 � �   (2. 57) 

� � � � � � � � �
1 1 1sin cos sin cos coszfu I J K� � � � 	 � � 	
 � 
 � � �

���
  (2. 58) 

M �

C X Y Z M �

(2.59)

Gf Rf GfF F F ma�� � 
   (2. 59) 

X Y Z

2cos sinf f X f GfS F F m X� �� 
 �� 
 
 �   (2. 60) 

2cos sinf f Y f GfF S F m Y� �� � �� 
 
 �   (2. 61) 
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0f f ZN m g F�� � 
   (2. 62) 

C (2.63)

Gf Rf f WfM M M CQ F K K� �� � � * 
 �� �   (2. 63) 

� � �
1 1 1Q Q QCQ X I Y J Z K
 � �   (2. 64) 

� � � � �� � ��1 1 1Z Q Y Q X Q Z Q Y Q X QCQ F F Y F Z I F Z F X J F X F Y K� � � � � � �* 
 
 � 
 � 
   (2. 65) 

X Y Z

� �
� �2

sin

cos cos sin sin sin
f Gf f Pf yf X Z Q Y Q

CYZf Wf f

m gY N Y M M F Y F Z

I I
� � �

� � � 	 � � � 	 �

� 
 � � � 



 
 
 �! "# $� �
(2. 66) 

� �
� �2

cos

cos sin
f Gf f pf yf Y X Q Z Q

CXZf Wf f

m gX N X M M F Z F X

I I
� � �

� �� � � �


 
 � � � � 



 
 
 �� �
(2. 67) 

� � � �
� �

cos sin sin cos

0

f Pf Pf f Pf Pf

Zf Z Y Q X Q

F X Y S X Y

M M F X F Y� � �

� � � � � � �

� � � 
 

  (2. 68) 

M �

� �2

2

cos cos sin sin sin

           sin

           cos sin

X CYZf Wf f

f Gf f Pf yf f Q f Q

f Q f Q f Gf Q

M I I

m gY N Y M m gY N Y

F Z S Z m Y Z
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� �
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  (2. 69) 

� �2

2

cos sin cos

          sin cos
Y CXZf Wf f f Gf f Pf yf

f Q f Q f Gf Q f Q f Q

M I I m gX N X M

F Z S Z m X Z m gX N X
� � �� � � �

�


 
 
 � � � 
 �


 � � � � 
 


� �

�
  (2. 70) 

� � � �
2 2

cos sin sin cos cos

          sin sin cos
Z f Pf Pf f Pf Pf Zf f Q

f Q f Gf Q f Q f Q f Gf Q

M F X Y S X Y M F X

S X m Y X F Y S Y m X Y
�

� �


 
 � � � 
 � 
 � 
 � �

� � � � � 
 � 
� �
  (2. 71) 
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(aligning effece) (disaligning effect)

M � (2.55) �

G N F S M� �� � � � � � � �
 � � � � � �   (2. 72) 

1. G�

� � � � � � � �sin cos sinG f Q Gf Q Gfm g Y Y X X� � � � � 	! "
 
 � � 
 �# $   (2. 73) 

2. ��

� � � �
� � � �

� � � �

2

2

2

cos cos

       sin cos sin

       sin cos sin

f Gf Q Gf Q

f Q Gf Gf

CYZf CXZf

m Y X X Y

m Z Y X

I I

�� � � � 	

� � � � � 	

� � � � � 	


 
 �

! "
 � � �# $
! "� � � �# $

�

�

�

  (2. 74) 

3. N�

� � � � � � � �sin cos sinN f Q Pf Q PfN Y Y X X� � � � � 	! "
 
 � � 
 �# $   (2. 75) 

4. F�

� � � � � �
� � � �

cos cos sin cos

       cos sin sin cos sin

F f Q Pf Q Pf

f Q

F Y Y X X

F Z

� � � 	

� � � � 	

! "
 � 
 � � 
 �# $

 � � 
 � �! "# $

  (2. 76) 

5. S�

� � � � � �
� � � �

cos cos cos sin

       sin cos cos cos sin

S f Pf Q Q Pf

f Q

S Y Y X X

S Z

� � � 	

� � � � 	

! "
 � 
 � � 
 �# $

 � � � � �! "# $

  (2. 77) 
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6. M�

� � � � � �sin cos cos cos sin cos cosM yf ZfM M� � � � � 	 � � 	
 � � � � � 
 �! "# $   (2. 78) 

7. ��

� �sin sin cos cos sinWf fI�� � � � 	 � 	 � �
 
 �! "# $�   (2. 79) 
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3-1

3-1-1

V. Cossalter[11] [8]

1.

2.



31

3. (toroidal shape)

4. xM

5. (lift force) (side force)

(drag force)

6.

(pitch angle)

7. ( ) (steering)

(roll) (side slip) (yaw) (pitch angle)

3-1
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�

rh

rb

rr fr

zl

fe

na
0rA P� p

rG

fG
Q

0fPA

fb

qb

qh

fhr� f�

rq
fq

rX

rZ

fX

fZ

3-1

3-1-2

Pf (Xpf,Ypf) Pr(Xpr,Ypr) X Y X

Y

1 1Pf PrX X X d e� 
 
 
 �   (3. 1) 

� �1 1 1cos sinPf PrY Y Y c b a	 	� 
 
 
 � 
 (3. 2) 

a1 b1 c1 d1 e1

1 1 sin [(1 cos )] ( ) ( )r r f fa l r r� � � �
 
 � 
 
 
 (3. 3) 
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1 [cos cos( ) cos sin sin( ) 1]fb � � � � � � � �� �
 
 
 
 
 (3. 4) 

� �1 1 sin sin sinfc l � � � � ��
 � 
 (3. 5) 

1 1 cos [(1 cos )]d p l � �
 
 
  (3. 6) 

1 [sin cos( ) cos cos sin( )]fe � � � � � � � �� �
 
 � 
 (3. 7) 

sin tan sin cosarctan
cos

� 	 � �� �
�


� 
 � (3. 8) 

0� 
 (3. 9) 

1 sinf nl r a�
 
     (3. 10) 

�

arcsin(cos sin cos sin sin )� � 	 	 � �
 � (3. 11) 

(kinematic steering angle)

2-5

sin cosarctan
cos cos sin sin sin

� �
	 � 	 � �

� �
� 
 � �
� �

  (3. 12) 

Rc Vc (3.13)~(3.16)

( )cos( ) ( )sin( )
cos sin( ) sin cos( )

pf pr f pf pr f
c

r f r f

X X Y Y
R

� �
� � � �


 � � � 
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� � 
 � �
  (3. 13) 

( , , , )c c V f rV R� 	 � � � �
 
 �� �   (3. 14) 
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cos 1 ( , , , )
cos( ) cos f

f pf
f w f r

f f f

Y
q

�
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 �
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� �   (3. 15) 
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cos cos f

x sx c r
r w f r

r r r r

V V R
q q

� � �� 	 � � � � �
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� �
� �   (3. 16) 

sxV xV � (longitudinal slip ratio)

cosx c rV V �
   (3. 17) 

sx x r r

x x

V V r
V V

�� 


 
 
 
   (3. 18) 

3-1-3

(X1,Y1,Z1)

C(0,0) Z1 X1 Y1 XY

( )

Q

sin
cos
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Pr c r

Pr c r

Pr

X R
Y R
Z

�
�


+
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-
, 
.

(3. 19) 

0

Pf Pr

Pf Pr
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X X X
Y Y Y
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 � �
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 � �-
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.

(3. 20) 
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Q

sin

cos

Q Pr Q

Q Pr Q

Q Q

X X b
Y Y h
Z h
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   (3. 21) 
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Y Y h
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(3. 22) 

/ 0
cos sin 0
sin cos 0

0 0 1
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 �! "
1 2
 � �1 2
1 2# $

  (3. 23) 

cos sin 0
sin cos 0 sin

0 0 1 cos
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�
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  (3. 24) 

cos sin sin
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(3. 25) 

3-1-4

2-1-5
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(3.26) FGf FGr

FRf FRr (3.26) X Y Z

(3.27) (3.28) (3.29)

Gr Gf Rr Rf GF F F F ma� � � 
   (3. 26) 

� � 2cos sinr f f r Gr f GfS S F m X m X �� �
 � 
 
 � �   (3. 27) 

� � 2cos sinf r f r Gr f GfF F S m Y m Y ��� � � 
 
 � �   (3. 28) 

� � 0r f r fN N m m g� � � 
   (3. 29) 

2-1-6

(3.30) X Y Z (3.31) (3.32) (3.33)

Gr Gf Rr Rf r f Wr WfM M M M K K K K� � � 
 � � �� � � �   (3. 30) 

� �
� � / 0�  2

sin
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 (3. 31) 
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  (3. 32) 

( cos sin ) ( sin cos ) 0f Pf Pf f Pf Pf r Pr r Pr zf zrF X Y S X Y F X S Y M M�� � � �
 � � 
 � � 
   

(3. 33) 

2-6

(RO) (RC) (3.34)

1 1
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1
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%

�

� 
 � � 
 � 


 
 
 & �

� �� 
 �
  (3. 34) 

2-7

�

G N F S M� �� � � � � � � �
 � � � � � �   (3. 35) 

� � � � � � � �sin cos sinG f Q Gf Q Gfm g Y Y X X� � � � � 	! "
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 �# $   (3. 36) 
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  (3. 37) 

� � � � � � � �sin cos sinN f Q Pf Q PfN Y Y X X� � � � � 	! "
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 �# $   (3. 38) 
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cos cos cos sin
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  (3. 40) 

� � � � � �sin cos cos cos sin cos cosM yf ZfM M� � � � � 	 � � 	
 � � � � � 
 �! "# $   (3. 41) 

� �sin sin cos cos sinWf fI�� � � � 	 � 	 � �
 
 �! "# $�   (3. 42) 
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3-2

3-2-1

3-2

1.

Pf (Xpf,Ypf) Pr(Xpr,Ypr)

Gf(Xgf,Ygf) Gr(Xgr,Ygr)

2.

Ff Fr Nf Nr Sr ��

3. MF
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Geometric
Relationship

Input
Rc

Initialize Variables
Input Rc

Assume X0=p Y0=0
f0=0 r0=0

output
Geometric and

Kinematic Parameter

Kinetic
Equations

Input
Geometric and

Kinematic Parameter

output
Ff r Nf Nr Sr

Tire Magic
Formula

input
Ff r Nf Nr Sr

output
f r

��

Iterative method
Check fn rn

If | fn - fn-1| < 0.5%
and | rn - rn-1| < 0.5%

Replace
fn-1 rn-1

by fn rn

END

Calculate all parameters again with the last slip angles.

Yes

No

3-2
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13 13

Ff Fr Nf Nr Sr V f r

Rc �� f r

Matlab B for

V. Cossalter[11]

V

Rc

Rc

Rc

Rc

V. Cossalter[11]

f r 0

13 13 6 6 Ff Fr Nf Nr

Sr �� 6 MF
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6 6 Ff Fr Nf Nr Sr ��

V. Cossalter [11]

Rc

f r 0

Ff Fr MF

Ff

Fr Nf Nr Sr ��

V. Cossalter[11] 5.8

4.3

Rc

V.cossalter

13 6 MF

f r V. Cossalter

3-1
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3-1 V.cossalter

V.cossalter

Rc

f = r = 0 f = r = 0

, , f, r �

Rc Pf Pr Gf Gr

, Rc, f, r �

Pf Pr Gf Gr

V

3-2-2

Rc

3-3

1. ( f =0 r=0)

X0=p Y0=0

Rc

2. Rc
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Rc

3. 2 Xn Yn Xn-1 Yn-1

4. 3

Pf (Xpf,Ypf) Pr(Xpr,Ypr) Gf(Xgf,Ygf)

Gr(Xgr,Ygr)

5. 4 13 6

Ff Fr Nf Nr Sr �� 6

Rc

6. 5 MF

( f r)

7. MF ( f r) 0

2~6 0.5%

5.8 4.3

8. 7 Pf (Xpf,Ypf)

Pr(Xpr,Ypr) Gf(Xgf,Ygf) Gr(Xgr,Ygr) 13

Ff Fr Nf Nr Sr ��
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Calculate
Pf (Xpf,Ypf) Pr(Xpr,Ypr)
Gf(Xgf,Ygf) Gr(Xgr,Ygr)

Calculate Ff r Nf Nr Sr ��

Use Tire Magic Formula
Calculate f r

(by Ff Fr Nf Nr Sr

Calculate

Iterative method
Check fn rn

If | fn - fn-1| < 0.5%
and | rn - rn-1| < 0.5%

Calculate X Y
if error is < 0.005%

Yes

No

Yes

No

Initialize Variables
Input Rc

Assume X0=p Y0=0
f0=0 r0=0

Replace
fn-1 rn-1

by fn rn

END

Calculate all parameters again with the last slip angles.

Replace
Xm-1 Ym-1

by Xm Ym

If fn<5.8 rn<4.3

Yes

No

3-3 [8]
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4-1

4-1-1

[8]

(Capsize) (Wobble) (Weave)
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4-1

4-1 [8]

Capsize Wobble Weave

1.

2.

1.

2.

1.

2.

4-1-2
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[21]

4-2
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4-2

V. Cossalter[15]
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4-1(a) 4-2

4-1(b) 4-3

4-1 [15]
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4-2

4-3
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4-1-3

V. Cossalter[15]

4-2
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V. Cossalter[11]

Motorcycle 1

Grand King125[22]

1 Motorcycle 1

V. Cossalter[11] Motorcycle 1 Motorcycle 1

4-3
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4-3 Motorcycle 1 [11]

Mass properties 18 fm kg
 , 153.4 rm kg


Inertia

21.80 xfI kgm
 , 222.46 xrI kgm


21.77 yfI kgm
 , 236.24 yrI kgm


20.35 zfI kgm
 , 217.36 zrI kgm


24.40 xzrI kgm
 


20.49 WfI kgm
 , 20.71 WrI kgm


Geometry

1.4000 p m
 , 0.100 na m


24 0.4189 rad� 
 
�

0.296 fr m
 , 0.310 rr m


0.246 fp m
 , 0.230 rp m


0.555 rb m
 , 0.650 rh m


0.010 fe m
 , 0.30 zl m


1.1445 qb m
 , 0.820 qh m


Tire properties

0.043f fC C	 �
 , 0.04r rC C	 �


0 0.010ft 
 , 0 0.009rt 


1 0.024f fM N
 , 1 0.028r rM N


max 0.10 f rad� 
 , max 0.075 r rad� 
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contour

4-4
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4-4 Motorcycle 1

4-5
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4-5 Motorcycle 1
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4-6 Motorcycle 1

4-6 1

20m/s

1. 1 70m/s

30m/s 60-70m/s
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Contour polt of the steering ratio in steady state cornering

Path radius [m]

V
el

oc
ity

 [k
m

/h
r]

10
1

10
2

0

20

40

60

80

100

120



58

3. 0

70m/s 75m

4-5 4-6 0
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4-7

4-7 Motorcycle 1
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4-7

1.

2. 0 25-60m/s 15m

3. 15m

4-4

4-1-2
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4-8

10 m 4-8

(1) 10m

 10	 (2) 0 0� (3)
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4-8 Motorcycle 1
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4-4 Motorcycle 1

� (deg) � (Nm) % R (m) V (m/s) 	 (deg)

0� ( 0� ' 1% ( 5~300 5~60 0.1~24

0� 0� ( 0� 
 1% ( 10~300 27~60 2~24

0� ( 0� ( 1% ( 10~300 27~85 2~25

%) 0� 
 0� ( % 
) 80~300 72~85 8~25

0� ' 0� ( 0% ' 80~300 72~120 8~25

3 %) 0�

4-4 0 0 1

4-1

0� 0

1

0 0 1

%) 0

0

0 0
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0

4-8 4-4 Motorcycle 1

0�

%)

Motorcycle 1

2 Grand King125

[31] Grand King125(Grand King125)[22]

4-5 Grand King125

65

Grand King125 D

contour
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4-5 Grand King125

Mass properties 18.4 fm kg
 , 90.885 65 rm kg
 �

Inertia

21.5043 xfI kgm
 , 226.0001 xrI kgm


21.947 yfI kgm
 , 231.9944 yrI kgm


20.3675 zfI kgm
 , 212.1463 zrI kgm


21.692 xzrI kgm


20.7152 WfI kgm
 , 20.8372 WrI kgm


Geometry

1.314 p m
 , 0.075 na m


26.935 0.4701 rad� 
 
�

0.299 fr m
 , 0.305 rr m


0.264 fp m
 , 0.260 rp m


0.4764 rb m
 , 0.712 rh m


0.0644 fe m
 , 0.3672 zl m


0.988 qb m
 , 0.807 qh m


Tire properties

0.043f fC C	 �
 , 0.04r rC C	 �


0 0.010ft 
 , 0 0.009rt 


1 0.024f fM N
 , 1 0.028r rM N


max 0.10 f rad� 
 , max 0.075 r rad� 
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4-9

Grand King Motorcycle 1

4-9 Grand King
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(1) 0 (2)
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Motorcycle 1
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4-11 Grand King

4-11 1

20m/s

1. 1 60m/s

30m/s 55-65m/s

60m

2.

58-70m/s 60m

-7-7 -2
-2

-1

-1

-0.7

-0.7

-0.5

-0.5

-0.30.9
0.95

0.99
1

1.00

1.003

1.01

1.01

1.05

1.05

1.15

1.15

1.3

1.3

1.6

1.6

2.2

2.2

3

3 77

Contour polt of the steering ratio in steady state cornering
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3. 0

60m/s 60m
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The motorcycle in steady state cornering
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The motorcycle in steady state cornering

Path radius [m]

V
el

oc
ity

 [k
m

/h
r]

10
1

10
2

0

20

40

60

80

100

120

0.8 fC�

0.8 fC�

1.2 fC�

 line %)

0 line �
1.2 fC�

4-21

4-14

0� 
 % 
)  10	

1.2 fC� ( ) 24.4�

0.8 fC� ( ) 24.4�



86
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5-1

Motorcycle1 Grand King

125

Motorcycle 1 Grand King125

Motorcycle1 Grand King (1) 250CC

VENOX 250 5-1 (2) 125CC

YAMAHA GTR FI 125

5-2 (3) 50CC Choinori 50

5-3 D
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5-1 Venox 250

Mass properties 26.8 fm kg
 , 162.485 65 rm kg
 �

Inertia

22.7899 xfI kgm
 , 233.1 xrI kgm


23.2967 yfI kgm
 , 250.3253 yrI kgm


20.4267 zfI kgm
 , 222.7243 zrI kgm


21.7799 xzrI kgm


20.7788 WfI kgm
 , 21.2767 WrI kgm


Geometry

1.62 p m
 , 0.149 na m


34 0.5934 rad� 
 
�

0.312 fr m
 , 0.311 rr m


0.264 fp m
 , 0.251 rp m


0.5872 rb m
 , 0.6247 rh m


0.0474 fe m
 , 0.4113 zl m


1.215 qb m
 , 0.893 qh m


Tire properties

0.043f fC C	 �
 , 0.04r rC C	 �


0 0.010ft 
 , 0 0.009rt 


1 0.024f fM N
 , 1 0.028r rM N


max 0.10 f rad� 
 , max 0.075 r rad� 
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5-2 YAMAHA GTR FI 125

Mass properties 11 fm kg
 , 95.285 65 rm kg
 �

Inertia

21.452 xfI kgm
 , 237.5468 xrI kgm


21.6006 yfI kgm
 , 250.1053 yrI kgm


20.1754zfI kgm
 , 218.2503 zrI kgm


21.1776 xzrI kgm
 


20.2354 WfI kgm
 , 20.2825 WrI kgm


Geometry

1.26 p m
 , 0.131 na m


29 0.5061 rad� 
 
�

0.217 fr m
 , 0.217 rr m


0.172 fp m
 , 0.172 rp m


0.4008 rb m
 , 0.6147 rh m


0.0066 fe m
 
 , 0.4325 zl m


0.896 qb m
 , 0.860 qh m


Tire properties

0.043f fC C	 �
 , 0.04r rC C	 �


0 0.010ft 
 , 0 0.009rt 


1 0.024f fM N
 , 1 0.028r rM N


max 0.10 f rad� 
 , max 0.075 r rad� 
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5-3 Choinori 50

Mass properties 6.5 fm kg
 , 34.785 65 rm kg
 �

Inertia

20.3862 xfI kgm
 , 222.3116 xrI kgm


20.5026 yfI kgm
 , 224.5667 yrI kgm


20.0768 zfI kgm
 , 25.8684 zrI kgm


22.4829 xzrI kgm


20.1782 WfI kgm
 , 20.1782 WrI kgm


Geometry

1.055 p m
 , 0.086 na m


27.5 0.48 rad� 
 
�

0.199 fr m
 , 0.199 rr m


0.163 fp m
 , 0.163 rp m


0.3849 rb m
 , 0.7031 rh m


0 fe m
 , 0.3812 zl m


0.818 qb m
 , 0.642 qh m


Tire properties

0.043f fC C	 �
 , 0.04r rC C	 �


0 0.010ft 
 , 0 0.009rt 


1 0.024f fM N
 , 1 0.028r rM N


max 0.10 f rad� 
 , max 0.075 r rad� 
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The motorcycle in steady state cornering
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5-3

-

65 [31] Grand King125

5-6 bd hd

ld

5-6

Mass propertie 65 bm kg


Inertia

212.1787 xbI kgm


212.4443 ybI kgm


23.4681 zbI kgm


Geometry

0.4493 bb m


1.0038 bh m


0 bl m
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The motorcycle in steady state cornering
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5-9 10 Grand King
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B

clear all 

close all 

  

% Input Parameter: 

% VC_bp_p; 

% FCBike_opt_5; 

% FCBike_q; 

% VC_bp; 

% VC_bp_c; 

% FCBike; 

% % FCBike_sym; 

% GSXR; 

% RSS_bp; 

% big; 

% bigplusbody; 

% bigplusbodymove; 

% small; 

% smallplusbody; 

% smallplusbodymove; 

% middle; 

% middleplusbody; 

% middlenewplusbodymove; 

Grand King; 

% Venox; 

  

% 

Loop:================================================================

==== 

i=1; 

JJJ=0; 

VVV=0; 

%ps=10; 
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j=1; 

for ps=0:0.5:30 

for Rc=5:5:300 

       psi=ps*pi/180; 

       psi2=psi+pps2;    

       hr=(hr^2+yr^2)^0.5; 

        

% Geometric 

Equations:-----------0------------------------------------------ 

RCRC; 

  

% Position of 

Pr:---------------------------------------------------------- 

Xpr=Rc*sin(lamr); 

Ypr=-Rc*cos(lamr); 

Zpr=0; 

  

% Position of Q (Xq, Yq, Zq): 

Xq=Xpr+bq; 

Yq=Ypr+hq*sin(psi); 

Zq=-hq*cos(psi); 

  

% Position of Pf 

Xpf=dX+Xpr; 

Ypf=dY+Ypr; 

Zpf=0; 

  

% Position of Gr 

Xgr=Xpr+br; 

Ygr=Ypr+hr*sin(psi2); 

Zgr=-hr*cos(psi2); 

  

% Position of Gf 

Xgf=-cos(DEL)*bf-sin(DEL)*hf*sin(B)+Xpf; 

Ygf=-sin(DEL)*bf+cos(DEL)*hf*sin(B)+Ypf; 

Zgf=-hf*cos(B); 

  

% newton's equation for four rigid 
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bodies:--------------------------------- 

IC; 

  

% Calculating the Wy, Nf, Nr, : 

N=(g*(mr*Ygr+mf*Ygf)-(mr+mf)*g*Ypf+(dY+df*sin(DEL))*((-(mr+mf)*g*df-(

mr+mf)*g*Xpr+g*(mr*Xgr+mf*Xgf))/(df-df*cos(DEL)-dX))); 

D=((((Icyzr+Icyzf)-(Iwr*cos(psi)*((-Rc*(ka+1)*cos(lamr))/(pr+qr*cos(p

si)))+(Iwf*(cos(del)*cos(psi)-sin(ep)*sin(del)*sin(psi))*cos(lamf)*Yp

f)/(cos(DEL+lamf)*(pr+qr*cos(Bpi))))))+((dY+df*sin(DEL))/(df-df*cos(D

EL)-dX))*((Icxzr+Icxzf)+(Iwf*(cos(ep)*sin(del)*cos(lamf)*Ypf))/(cos(D

EL+lamf)*(pr+qr*cos(Bpi))))); 

  

% angular momentum equation arouind c: 

Wy = sqrt(N/D); 

  

Nf=(-(mr+mf)*g*df-(mr+mf)*g*Xpr+g*(mr*Xgr+mf*Xgf)-((Icxzr+Icxzf)+(Iwf

*cos(ep)*sin(del)*cos(lamf)*Ypf)/(cos(DEL+lamf)*rf))*Wy^2)/(df-df*cos

(DEL)-dX); 

Nr = -(mr+mf)*g-Nf;                   % cosslter P167 (19)   ©¿²¤ FD FL FS    

©Î   ¦¶ P40 (3.23)  

  

% longitudinal friction force (front): 

Sf=muf*Nf;     

  

tf = t0f*(1-abs(lamf/lamaxf)); 

tr = t0r*(1-abs(lamr/lamaxr)); 

  

% torque Mz: 

M1r = 0.028*Nr; 

M1f = 0.024*Nf; 

  

E1 = -(mr*Xgr+mf*Xgf)*Wy^2; 

E2 = -(mr*Ygr+mf*Ygf)*Wy^2; 

E5 = (Xpf*cos(DEL)+Ypf*sin(DEL)); 

E6 = (Xpf*sin(DEL)-Ypf*cos(DEL)); 

  

Ff = 

-(Sf*E6-(E1-Sf*cos(DEL))*Ypr+(E2-Sf*sin(DEL))*(Xpr-tr)-M1f*B-M1r*psi)
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/(E5-tf-sin(DEL)*Ypr-cos(DEL)*(Xpr-tr)); 

Sr = -Sf*cos(DEL)+Ff*sin(DEL)-(mr*Xgr+mf*Xgf)*Wy^2;    % cosslter P167 

(17)   ©¿²¤ FD FL  FS   ©Î   ¦¶ P40 (3.21)             

Fr = -Ff*cos(DEL)-Sf*sin(DEL)-(mr*Ygr+mf*Ygf)*Wy^2;    % cosslter P167 

(17)   ©¿²¤ FD FL  FS   ©Î   ¦¶ P40 (3.22) 

  

% Calculating the Lamda(f), 

Lamda(r):-------------------------------------- 

MF;    

  

alpf=(D0f/Dyf)*(lamf+(Cpsif*psi)/Clamf)-(Cpsif*psi)/Clamf;   

alpr=(D0r/Dyr)*(lamr+(Cpsir*psi)/Clamr)-(Cpsir*psi)/Clamr; 

  

lamf1=((1/Byf)*tan((1/C)*asin((Ff-Svf)/Dyf))-Shf+(Cpsif*psi)/Clamf)*(

Dyf/D0f)-(Cpsif*psi)/Clamf;  % ¥Ñ¦¶P17 (2.22)ºâ¥X lam ±a¤J(2.23)¤¤ 

lamr1=((1/Byr)*tan((1/C)*asin((Fr-Svr)/Dyr))-Shr+(Cpsir*psi)/Clamr)*(

Dyr/D0f)-(Cpsir*psi)/Clamr; 

  

% front and rear angular 

velocity:----------------------------------------- 

wf = Wy*cos(lamf1)*Ypf/(cos(DEL+lamf1)*(pf+qf*cos(Bpi)));   % ¦¶P14 

(2.15) 

wr = -Rc*Wy*(ka+1)*cos(lamr1)/(pr+qr*cos(psi));             % ¦¶P14 

(2.16) 

  

ka1=-1-(rr*wr)/(Rc*Wy*cos(lamr1)); 

% ka1=(1-(Rc*Wy*cos(lamr1))/(rr*wr))/100; 

  

% 

²Ä¤G¦¸¹Gªñ°¼·Æ¨¤=====================================================

===== 

RCRC1; 

  

% Position of 

Pr:---------------------------------------------------------- 

Xpr=Rc*sin(lamr1); 

Ypr=-Rc*cos(lamr1); 

Zpr=0; 
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% Position of Q (Xq, Yq, Zq): 

Xq=Xpr+bq; 

Yq=Ypr+hq*sin(psi); 

Zq=-hq*cos(psi); 

  

% Position of Pf 

Xpf=dX+Xpr; 

Ypf=dY+Ypr; 

Zpf=0; 

  

% Position of Gr 

Xgr=Xpr+br; 

Ygr=Ypr+hr*sin(psi2); 

Zgr=-hr*cos(psi2); 

  

% Position of Gf 

Xgf=-cos(DEL)*bf-sin(DEL)*hf*sin(B)+Xpf; 

Ygf=-sin(DEL)*bf+cos(DEL)*hf*sin(B)+Ypf; 

Zgf=-hf*cos(B); 

  

% newton's equation for four rigid 

bodies:--------------------------------- 

IC; 

  

% Calculating the Wy, Nf, Nr, : 

N=(g*(mr*Ygr+mf*Ygf)-(mr+mf)*g*Ypf+(dY+df*sin(DEL))*((-(mr+mf)*g*df-(

mr+mf)*g*Xpr+g*(mr*Xgr+mf*Xgf))/(df-df*cos(DEL)-dX))); 

D=((((Icyzr+Icyzf)-(Iwr*cos(psi)*((-Rc*(ka1+1)*cos(lamr1))/(pr+qr*cos

(psi)))+(Iwf*(cos(del)*cos(psi)-sin(ep)*sin(del)*sin(psi))*cos(lamf1)

*Ypf)/(cos(DEL+lamf1)*(pr+qr*cos(Bpi))))))+((dY+df*sin(DEL))/(df-df*c

os(DEL)-dX))*((Icxzr+Icxzf)+(Iwf*(cos(ep)*sin(del)*cos(lamf1)*Ypf))/(

cos(DEL+lamf1)*(pr+qr*cos(Bpi))))); 

  

% angular momentum equation arouind c: 

Wy = sqrt(N/D); 

  

Nf=(-(mr+mf)*g*df-(mr+mf)*g*Xpr+g*(mr*Xgr+mf*Xgf)-((Icxzr+Icxzf)+(Iwf
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*cos(ep)*sin(del)*cos(lamf1)*Ypf)/(cos(DEL+lamf1)*rf))*Wy^2)/(df-df*c

os(DEL)-dX); 

Nr = -(mr+mf)*g-Nf; 

  

% longitudinal friction force (front): 

Sf=muf*Nf;     

  

% pneumatic trail: 

tf = t0f*(1-abs(lamf1/lamaxf)); 

tr = t0r*(1-abs(lamr1/lamaxr)); 

  

% torque Mz: 

M1r = 0.028*Nr; 

M1f = 0.024*Nf; 

  

E1 = -(mr*Xgr+mf*Xgf)*Wy^2; 

E2 = -(mr*Ygr+mf*Ygf)*Wy^2; 

E5 = (Xpf*cos(DEL)+Ypf*sin(DEL)); 

E6 = (Xpf*sin(DEL)-Ypf*cos(DEL)); 

  

Ff = 

-(Sf*E6-(E1-Sf*cos(DEL))*Ypr+(E2-Sf*sin(DEL))*(Xpr-tr)-M1f*B-M1r*psi)

/(E5-tf-sin(DEL)*Ypr-cos(DEL)*(Xpr-tr)); 

Sr = -Sf*cos(DEL)+Ff*sin(DEL)-(mr*Xgr+mf*Xgf)*Wy^2; 

Fr = -Ff*cos(DEL)-Sf*sin(DEL)-(mr*Ygr+mf*Ygf)*Wy^2; 

  

% Calculating the Lamda(f), 

Lamda(r):-------------------------------------- 

MF; 

  

alpf=(D0f/Dyf)*(lamf1+(Cpsif*psi)/Clamf)-(Cpsif*psi)/Clamf; 

alpr=(D0r/Dyr)*(lamr1+(Cpsir*psi)/Clamr)-(Cpsir*psi)/Clamr; 

  

lamf2=((1/Byf)*tan((1/C)*asin((Ff-Svf)/Dyf))-Shf+(Cpsif*psi)/Clamf)*(

Dyf/D0f)-(Cpsif*psi)/Clamf; 

lamr2=((1/Byr)*tan((1/C)*asin((Fr-Svr)/Dyr))-Shr+(Cpsir*psi)/Clamr)*(

Dyr/D0f)-(Cpsir*psi)/Clamr; 
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% front and rear angular 

velocity:----------------------------------------- 

wf = Wy*cos(lamf2)*Ypf/(cos(DEL+lamf2)*(pf+qf*cos(Bpi))); 

wr = -Rc*Wy*(ka1+1)*cos(lamr2)/(pr+qr*cos(psi)); 

  

ka2=-1-(rr*wr)/(Rc*Wy*cos(lamr2)); 

% ka2=(1-(Rc*Wy*cos(lamr2))/(rr*wr))/100; 

  

% 

²Ä¤T¦¸¹Gªñ°¼·Æ¨¤=====================================================

===== 

RCRC2; 

  

% Position of 

Pr:---------------------------------------------------------- 

Xpr=Rc*sin(lamr2); 

Ypr=-Rc*cos(lamr2); 

Zpr=0; 

  

% Position of Q (Xq, Yq, Zq): 

Xq=Xpr+bq; 

Yq=Ypr+hq*sin(psi); 

Zq=-hq*cos(psi); 

  

% Position of Pf 

Xpf=dX+Xpr; 

Ypf=dY+Ypr; 

Zpf=0; 

  

% Position of Gr 

Xgr=Xpr+br; 

Ygr=Ypr+hr*sin(psi2); 

Zgr=-hr*cos(psi2); 

  

% Position of Gf 

Xgf=-cos(DEL)*bf-sin(DEL)*hf*sin(B)+Xpf; 

Ygf=-sin(DEL)*bf+cos(DEL)*hf*sin(B)+Ypf; 

Zgf=-hf*cos(B); 



137

  

% newton's equation for four rigid 

bodies:--------------------------------- 

IC; 

  

% Calculating the Wy, Nf, Nr, : 

N=(g*(mr*Ygr+mf*Ygf)-(mr+mf)*g*Ypf+(dY+df*sin(DEL))*((-(mr+mf)*g*df-(

mr+mf)*g*Xpr+g*(mr*Xgr+mf*Xgf))/(df-df*cos(DEL)-dX))); 

D=((((Icyzr+Icyzf)-(Iwr*cos(psi)*((-Rc*(ka2+1)*cos(lamr2))/(pr+qr*cos

(psi)))+(Iwf*(cos(del)*cos(psi)-sin(ep)*sin(del)*sin(psi))*cos(lamf2)

*Ypf)/(cos(DEL+lamf2)*(pr+qr*cos(Bpi))))))+((dY+df*sin(DEL))/(df-df*c

os(DEL)-dX))*((Icxzr+Icxzf)+(Iwf*(cos(ep)*sin(del)*cos(lamf2)*Ypf))/(

cos(DEL+lamf2)*(pr+qr*cos(Bpi))))); 

  

% angular momentum equation arouind c: 

Wy = sqrt(N/D); 

  

Nf=(-(mr+mf)*g*df-(mr+mf)*g*Xpr+g*(mr*Xgr+mf*Xgf)-((Icxzr+Icxzf)+(Iwf

*cos(ep)*sin(del)*cos(lamf2)*Ypf)/(cos(DEL+lamf2)*rf))*Wy^2)/(df-df*c

os(DEL)-dX); 

Nr = -(mr+mf)*g-Nf; 

  

% longitudinal friction force (front): 

Sf=muf*Nf;     

  

% pneumatic trail: 

tf = t0f*(1-abs(lamf2/lamaxf)); 

tr = t0r*(1-abs(lamr2/lamaxr)); 

  

% torque Mz: 

M1r = 0.028*Nr; 

M1f = 0.024*Nf; 

  

E1 = -(mr*Xgr+mf*Xgf)*Wy^2; 

E2 = -(mr*Ygr+mf*Ygf)*Wy^2; 

E5 = (Xpf*cos(DEL)+Ypf*sin(DEL)); 

E6 = (Xpf*sin(DEL)-Ypf*cos(DEL)); 
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Ff = 

-(Sf*E6-(E1-Sf*cos(DEL))*Ypr+(E2-Sf*sin(DEL))*(Xpr-tr)-M1f*B-M1r*psi)

/(E5-tf-sin(DEL)*Ypr-cos(DEL)*(Xpr-tr)); 

Sr = -Sf*cos(DEL)+Ff*sin(DEL)-(mr*Xgr+mf*Xgf)*Wy^2; 

Fr = -Ff*cos(DEL)-Sf*sin(DEL)-(mr*Ygr+mf*Ygf)*Wy^2; 

  

% Calculating the 

Lamda(f),Lamda(r):--------------------------------------- 

MF; 

  

alpf=(D0f/Dyf)*(lamf2+(Cpsif*psi)/Clamf)-(Cpsif*psi)/Clamf; 

alpr=(D0r/Dyr)*(lamr2+(Cpsir*psi)/Clamr)-(Cpsir*psi)/Clamr; 

     

lamf3=((1/Byf)*tan((1/C)*asin((Ff-Svf)/Dyf))-Shf+(Cpsif*psi)/Clamf)*(

Dyf/D0f)-(Cpsif*psi)/Clamf; 

lamr3=((1/Byr)*tan((1/C)*asin((Fr-Svr)/Dyr))-Shr+(Cpsir*psi)/Clamr)*(

Dyr/D0f)-(Cpsir*psi)/Clamr; 

  

% front and rear angular 

velocity:----------------------------------------- 

wf = Wy*cos(lamf3)*Ypf/(cos(DEL+lamf3)*(pf+qf*cos(Bpi))); 

wr = -Rc*Wy*(ka2+1)*cos(lamr3)/(pr+qr*cos(psi)); 

  

ka3=-1-(rr*wr)/(Rc*Wy*cos(lamr3)); 

% ka3=(1-(Rc*Wy*cos(lamr3))/(rr*wr))/100; 

  

if -lamf3<=0.1 && -lamr3<=0.075 

  

% 

¥H¤U¬°³Ì«áμ²ªG=======================================================

===== 

RCRC3; 

  

% Position of 

Pr:---------------------------------------------------------- 

Xpr=Rc*sin(lamr3); 

Ypr=-Rc*cos(lamr3); 

Zpr=0; 



139

  

% Position of Q (Xq, Yq, Zq): 

Xq=Xpr+bq; 

Yq=Ypr+hq*sin(psi); 

Zq=-hq*cos(psi); 

  

% Position of Pf 

Xpf=dX+Xpr; 

Ypf=dY+Ypr; 

Zpf=0; 

  

% Position of Gr 

Xgr=Xpr+br; 

Ygr=Ypr+hr*sin(psi2); 

Zgr=-hr*cos(psi2); 

  

% Position of Gf 

Xgf=-cos(DEL)*bf-sin(DEL)*hf*sin(B)+Xpf; 

Ygf=-sin(DEL)*bf+cos(DEL)*hf*sin(B)+Ypf; 

Zgf=-hf*cos(B); 

  

% newton's equation for four rigid 

bodies:--------------------------------- 

IC; 

  

% Calculating the Wy, Nf, Nr, : 

N=(g*(mr*Ygr+mf*Ygf)-(mr+mf)*g*Ypf+(dY+df*sin(DEL))*((-(mr+mf)*g*df-(

mr+mf)*g*Xpr+g*(mr*Xgr+mf*Xgf))/(df-df*cos(DEL)-dX))); 

D=((((Icyzr+Icyzf)-(Iwr*cos(psi)*((-Rc*(ka3+1)*cos(lamr3))/(pr+qr*cos

(psi)))+(Iwf*(cos(del)*cos(psi)-sin(ep)*sin(del)*sin(psi))*cos(lamf3)

*Ypf)/(cos(DEL+lamf3)*(pr+qr*cos(Bpi))))))+((dY+df*sin(DEL))/(df-df*c

os(DEL)-dX))*((Icxzr+Icxzf)+(Iwf*(cos(ep)*sin(del)*cos(lamf3)*Ypf))/(

cos(DEL+lamf3)*(pr+qr*cos(Bpi))))); 

  

% angular momentum equation arouind c: 

Wy = sqrt(N/D); 

  

Jxp = mr*g*hr*sin(psi)+mf*g*(hf*sin(psi)+(Xgf-Xq)*sin(DEL)); %yulo add 
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% Jxp = mr*g*hr*sin(psi)+mf*g*hf*sin(psi); 

Jxn = mr*Rc*Wy*Wy*hr*cos(psi)+mf*Rc*Wy*Wy*cos(del)*hf*cos(psi); 

  

  

% if abs((Jxp-Jxn)/Jxp)<=0.11 &&  abs((Jxp-Jxn)/Jxn)<=0.11 && 

abs(Jxp-Jxn)<=45.1 

  

  

V=Wy*Rc; 

Vx=Wy*sqrt(Xgr^2+Ygr^2); 

  

Nf=(-(mr+mf)*g*df-(mr+mf)*g*Xpr+g*(mr*Xgr+mf*Xgf)-((Icxzr+Icxzf)+(Iwf

*cos(ep)*sin(del)*cos(lamf3)*Ypf)/(cos(DEL+lamf3)*rf))*Wy^2)/(df-df*c

os(DEL)-dX); 

Nr = -(mr+mf)*g-Nf; 

  

% longitudinal friction force (front): 

Sf=muf*Nf;     

  

% pneumatic trail: 

tf = t0f*(1-abs(lamf3/lamaxf)); 

tr = t0r*(1-abs(lamr3/lamaxr)); 

  

% torque My, Mz: 

M1r = 0.028*Nr; 

M1f = 0.024*Nf; 

Myf = -df*Nf; 

Myr = -dr*Nr; 

Mzf = -tf*Ff-M1f*B; 

Mzr = -tr*Fr-M1r*psi; 

  

E1 = -(mr*Xgr+mf*Xgf)*Wy^2; 

E2 = -(mr*Ygr+mf*Ygf)*Wy^2; 

E5 = (Xpf*cos(DEL)+Ypf*sin(DEL)); 

E6 = (Xpf*sin(DEL)-Ypf*cos(DEL)); 

  

Ff = 

-(Sf*E6-(E1-Sf*cos(DEL))*Ypr+(E2-Sf*sin(DEL))*(Xpr-tr)-M1f*B-M1r*psi)
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/(E5-tf-sin(DEL)*Ypr-cos(DEL)*(Xpr-tr)); 

Sr = -Sf*cos(DEL)+Ff*sin(DEL)-(mr*Xgr+mf*Xgf)*Wy^2; 

Fr = -Ff*cos(DEL)-Sf*sin(DEL)-(mr*Ygr+mf*Ygf)*Wy^2; 

  

% Steering Torqre: 

Jg = g*mf*((Yq-Ygf)*sin(mu+ep)+(Xq-Xgf)*cos(mu+ep)*sin(psi)); 

Jy = 

(Wy^2*mf*(Ygf*Xq-Xgf*Yq)*cos(mu+ep)*cos(psi)-Wy^2*mf*Zq*(Ygf*sin(mu+e

p)+Xgf*cos(mu+ep)*sin(psi))+Wy^2*(Icyzf*sin(mu+ep)+Icxzf*cos(mu+ep)*s

in(psi))); 

Jn = ((Yq-Ypf)*sin(mu+ep)+(Xq-Xpf)*cos(mu+ep)*sin(psi))*Nf; 

Jf = 

((Yq-Ypf)*sin(DEL)+(Xq-Xpf)*cos(DEL))*cos(mu+ep)*cos(psi)*Ff-Zq*(cos(

DEL)*sin(mu+ep)-cos(mu+ep)*sin(psi)*sin(DEL))*Ff; 

Js = 

((Ypf-Yq)*cos(DEL)+(Xq-Xpf)*sin(DEL))*cos(mu+ep)*cos(psi)*Sf-Zq*(cos(

DEL)*cos(mu+ep)*sin(psi)+sin(DEL)*sin(mu+ep))*Sf; 

Jm = 

Mzf*cos(mu+ep)*cos(psi)-(cos(mu+ep)*sin(psi)*cos(DEL)+sin(mu+ep)*sin(

DEL))*Myf; 

Jw = (-sin(del)*sin(psi)+cos(psi)*cos(del)*sin(mu+ep))*(-Iwf*wf*Wy); 

  

J = Jg+Jy+Jn+Jf+Js+Jm+Jw; 

Ja = Jy+Jf+Jw; 

Jd = Jg+Jn+Jm+Js; 

  

  

  

  

  

% 

¦C¥Xμ²ªG=============================================================

==== 

% if V>0 

% VV(i,1)=V; 

% else 

% VV(i,1)=nan; 

% % end 
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% if imag(V)>0 

% VV(i,1)=nan; 

% elseif imag(V)<0 

% VV(i,1)=nan; 

% else 

% VV(i,1)=V; 

% end 

VV(j,i)=V; 

VX(j,i)=Vx; 

RC(j,i)=Rc; 

PS(j,i)=ps; 

DD(j,i)=del; 

if del>0 

VVP(j,i)=V*3.6; 

DDP(j,i)=del; 

RCP(j,i)=Rc; 

end 

PP(j,i)=psi; 

ED(j,i)=DEL; 

WY(j,i)=Wy; 

JXN(j,i)=Jxn; %yulo add 

JXP(j,i)=Jxp; %yulo add 

  

Ro=p*(cos(psi)*cos(del)-sin(psi)*sin(del)*sin(ep))/(sin(del)*cos(ep))

; 

% xi=Ro/Rc; 

xi=sin(DEL+lamf3-lamr3)/(cos(DEL+lamf3)*tan(DEL)); 

XI(j,i)=xi; 

RO(j,i)=Ro; 

  

ResultM; 

  

  

  

  

%resutl=[LA VV RC DD*180/pi PP*180/pi NF NR DX DY]; 

%result2=[VVK RC DDD PPP WY]; 

%resultF=[FF FR SF SR NF NR ]; 
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%result4=[DD*180/pi BB*180/pi BP*180/pi]; 

%resultJ=[JG JY JN JF JS JM JW]; 

 %resultL=[LF LF2 LF3 LR LR2 LR3 LFP LRP LFP2 LRP2]; 

%resultL=[LF3 LR3]; 

%resultF=[NF NR FF FR SF SR WY LF3 LR3]; 

% resultD=[DD*180/pi ED*180/pi EDD]; 

  

VVV=VVV+V; 

JJJ=JJJ+J; 

i=i+1; 

%   else 

%   RC(j,i)=nan; 

%   PS(j,i)=nan; 

%   JXN(j,i)=Jxn; %yulo add 

%   JXP(j,i)=Jxp; %yulo add 

%   i=i+1;     

%   end 

else 

RC(j,i)=nan; 

VVK(j,i)=nan; 

PS(j,i)=nan; 

DDD(j,i)=nan; 

LA(j,i)=nan; 

JJ(j,i)=nan; 

XI(j,i)=nan; 

RO(j,i)=nan; 

  

i=i+1;   

end  

end 

i=1; 

j=j+1; 

end 

  

ST=JJJ/(i-1); 

VM=3.6*VVV/(i-1); 

  

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
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%%%%%% 

% (R-V 

contour)%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

  

figure(1) 

cmat=contour(RC,VVK,JJ,[-100 0],'linewidth',1.5); 

hold on; 

cmat=contour(RC,VVK,JJ,[1.6 1.5 1.35 0.8 0.5 0.2 0.1 0 -0.05 -0.07 -0.1 

-0.16 -0.26 -0.5 -0.9 -2 -3 -5]); %M1 BIG 

% cmat=contour(RC,VVK,JJ,[2.7 2.2 1.7 1.35 0.8 0.5 0.25 0.1 0 -0.05 -0.07 

-0.1 -0.16 -0.26 -0.5 -0.9 -2 -3 -5]); %Grand King 

% cmat=contour(RC,VVK,JJ,[1.1 0.8 0.5 0.2 0.1 0 -0.05 -0.07 -0.1 -0.16 

-0.26 -0.5 -0.9 -2 -3 -5]); %mid 

% cmat=contour(RC,VVK,JJ,[0.65 0.5 0.39 0.26 0.15 0.08 0.03 0 -0.035 -0.09 

-0.2 -0.4]); %midno 

% cmat=contour(RC,VVK,JJ,[0.8 0.65 0.5 0.39 0.26 0.15 0.08 0.03 0 -0.035 

-0.09 -0.2 -0.4 -0.8]); %small 

% cmat=contour(RC,VVK,JJ,[0.36 0.27 0.18 0.1 0.05 0.03 0.013 0.005 0 

-0.02]);  % smallno 

axis([0 300 0 120]); 

clabel(cmat); 

title('Contour polt of the steering torque in steady state cornering'); 

xlabel('Path radius [m]'); 

ylabel('Velocity [km/hr]'); 

  

  

figure(2) 

cmat=contour(RC,VVK,XI,[-7 -2 -1 -0.7 -0.5 -0.3 0.9 0.95 0.99 1 1.003 1.01 

1.05 1.15 1.3 1.6 2.2 3.0 7.0]); %M1 BIG Venox 

% cmat=contour(RC,VVK,XI,[-7 -2 -1 -0.7 -0.4 -0.3 -0.2 0.9 0.95 0.99 1 

1.003 1.01 1.05 1.15 1.3 1.6 2.2 3.0 7.0]); %mid midno small smallno 

axis([0 300 0 120]); 

clabel(cmat); 

title('Contour polt of the steering ratio in steady state cornering'); 

xlabel('Path radius [m]'); 

ylabel('Velocity [km/hr]'); 

  

figure(3) 
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cmat=contour(RC,VVK,DDD,[0 50],'linewidth',1.5); 

hold on; 

cmat=contour(RC,VVK,DDD,[15 10.2 6.5 4.0 2.6 1.4 1.0 0.6 0.4 0.25 0.13 

0.06 0 -0.06 -0.2 -0.4 -0.55 -0.7]); %M1 BIG Venox 

% cmat=contour(RC,VVK,DDD,[15 10.2 6.5 4.0 2.6 1.4 1.0 0.6 0.4 0.25 0.13 

0.06 0 -0.06 -0.2 -0.4 -0.7 -1.2 -1.5]); %mid 

% cmat=contour(RC,VVK,DDD,[15 10.2 6.5 4.0 2.6 1.4 1.0 0.6 0.4 0.25 0.13 

0.06 0 -0.06 -0.2 -0.4 -0.7 -1.2 -1.4]); %midno small smallno 

axis([0 300 0 120]); 

clabel(cmat); 

title('Contour polt of the steering angle in steady state cornering'); 

xlabel('Path radius [m]'); 

ylabel('Velocity [km/hr]'); 

  

figure(4) 

% cmat=contour(RC,VVK,PS,[0.5 1.2 2.3 4.5 6.5 9.5 14.5 19.5 26.6]); %M1 

BIG venox 

cmat=contour(RC,VVK,PS,[0.5 1.2 2.3 4.5 6.5 9.5 14.5 19.5 24]); %GK 

% cmat=contour(RC,VVK,PS,[0.5 1.2 2.3 4.5 6.5 9.5 14.5 18.5 20]); %mid 

% cmat=contour(RC,VVK,PS,[0.5 1.2 2.3 4.5 6.5 9.5 14.5 18 20]); %midno 

% cmat=contour(RC,VVK,PS,[0.5 1.2 2.3 4.5 6.5 9.5 14.5 18 21]); %small 

smallno 

axis([0 300 0 120]); 

clabel(cmat); 

title('Contour polt of the roll angle in steady state cornering'); 

xlabel('Path radius [m]'); 

ylabel('Velocity [km/hr]'); 

  

% figure(5) 

% cmat=contour(RC,VVK,LA,15); 

% axis([0 300 0 120]); 

% clabel(cmat); 

% title('Contour polt of the lateral acceleration in steady state 

cornering'); 

% xlabel('Path radius [m]'); 

% ylabel('Velocity [km/hr]'); 

  

figure(6) 
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cmat=contour(RC,VVK,JJ,[-100 0],'linewidth',1.5); 

% clabel(cmat); 

hold on; 

% cmat=contour(RC,VVK,XI,[1 0.9]); 

% % clabel(cmat); 

% hold on; 

cmat=contour(RC,VVK,DDD,[50 0],'linewidth',1.5); 

% clabel(cmat); 

hold on; 

cmat=contour(RC,VVK,PS,[26.8 -1],'linewidth',1.5);  

%M1 26 GrangKing 24.5  BIG 26.5 BIDNO 29.9 mid 19.4 midno 20 small 22.5 

smallno 28 

clabel(cmat); 

axis([0 300 0 120]); 

title('The motorcycle in steady state cornering'); 

xlabel('Path radius [m]'); 

ylabel('Velocity [km/hr]'); 
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D

VENOX 250 [22]

Grand King125 [22]
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YAMAHA GTR FI 125CC [23] 

Choinori 50 [24]


